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Studies of the Mean Electrical Axis During
and After Exercise 1
WADE

L.

CoLLIER 2

Abstract. The mean electrical axis of the heart, while undergoing
certain minor transformations, was not significantly altered by exercise.

Sixty years ago, Willem Einthoven introduced the concept of the
mean electrical axis. While the mean electrical axis is not as important to the practicing cardiologist as other criteria, it does present
useful information about the heart. Such pathological conditions as
left axis deviation and right axis deviation can be verified or denied
once the mean .electrical axis is known.
It is recognized that exercise causes certain well known and predictable changes in the heart. However, no study has been found
concerning the effects of exercise on the mean electrical axis. Therefore, the purpose of this paper was to show the effects of exercise on
the mean electrical axis during and after exercise.
METHODS

Five healthy college men ranging from 20 to 22 years of age volunteered to be subjects for this experiment. Each student was interviewed
and such pertinent data as height, weight, age, prior health and cardiac
conditions were noted. The study was divided into two parts, an
introductory phase and a terminal phase. The introductory phase was
used to determine a usable technique and acquaint the subject with
the equipment used. The terminal phase was used for data collection
and analysis and is the one described below.
Electrocardiograms were usually taken arow1d 2: 00 in the afternoon, so each subject would be in an equivalent state with respect to
digestion. No special requests as to diet or food intake were made,
although prior to testing each subject was questioned as to how he
was feeling. The subject was seated in a large, comfortable wooden
·chair, with broad arm rests, and standard EKG electrodes were placed
on his wrists and ankles. No special skin cleansing techniques or EKG
electrode paste was used; instead, commercial EKG pads3 were placed
between the skin and electrode. The right ankle was grounded to the
machine and the machine in turn grounded to a cold water p!ipe. Seven
different recordings, each one minute in length were recorded; each
of the three Standards Leads were taken for 20 seconds. These seven
lThis research was conducted under the auspices of the Biology Department of
Coe College, Cedar Rapids, Iowa.
2Student, Department of Biology, Coe College, Cedar Rapids, Iowa.
3Burdick EK-19 Lectro-Pads, The Burdick Corporation, Milton, Wisconsin.
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recordings were: 1) seated in the chair; 2) seated on the ergometer;
3) after one minute of exercise (but not during exercise) ; 4) at cessation of exercise; 5) two minutes after exercise; 6) five minutes after
exercise; and 7) ten minutes after exercise. It was hoped that EKG's
would be able to be recorded during exercise, but the introductory
study, during which such recordings were made, showed that these
tracings were too masked by noise arid/ or other interference to be of
any use. Therefore, it was decided to have the subject interrupt his
exercise for one minute between the first and second minutes so a
recording could be made. All recordings were made on a Sanborn
Viso Cardiette electrocardiograph and, with the e:z;ception of the first
recording, all were made while the subject was seated on the ergometer.
The electrocardiograph was standardized to internationally accepted
standards (a paper speed of 2.5 cm./second and a magnitude of one·
cm. equals one millivolt) and checked periodically.
All subjects exercised on a Columbia4 ergometer for a total of three
minutes. The ergometer, whi.ch had a spring loaded pressure roller
attached to the front wheel, was standardized with a spring scale to
15 pounds pressure. This meant that 15 pounds of pressure was required to begin movement of the pedals. The ergometer also had a
speedometer which the subjects watched while exercising. Subjects
were asked to keep exercising at a rate of 20 miles an hour for two
reasons. The first, and most important, was to keep the work load
constant. The second reason was to provide enough exercise to cause
compensation by the heart.
After testing was completed, representative tracings were mounted
on Burdick Cardiogram Mounts 5 and the mean electrical axis was
determined by the usual means (Guyton, 1966; Shamroth, 1966). The
mean electrical axis derived with the subject seated in the chair was
determined but not used in the data. It was only recorded to serve
as a basis of comparison between this and other studies on electrocardiography done in this laboratory. The remaining axes were graphed
and observations made from them.
RESULTS

The graph of the changes of the angular component of the mean
electrical axis is shown in Figure 1.
· The changes noticed were so small that they cannot be considered
to be resulting from the effects of exercise. The average value of the
angular component of the mean electrical axis is 59 degrees (Guyton,
1966), but the normal accepted values lie from 20 to 90 degrees.
Changes as small as 10 degrees from the resting state are not considered significant. Studies conducted in the primary phase of this
4 The Columbia Manufacturing Co., Inc., Westfield, Massachusetts.
5The Burdick Corporation, Milton, Wisconsin.
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Figure 1. Graph showing the angular component of the mean electrical axis.
The symbols used in this figure represent the same individuals in
Figure 2.

investigation revealed that the range between recordings varied as
much as 9.5 degrees when a non-exercising student was examined daily.
Even if these changes were so small that they could not be considered due to the effects of exercise, certain interesting observations
which have some degree of uniformity were made. For example, in
four out of the five subjects after one minute of exercise, there was an
inorease in the angle of the mean electrical axis when compared to the
resting state. At the cessation of exercise, there was a further increase
in each of the subjects' angles. Finally, in .four of the five subjects,
the angular component of the mean electrical axis was increased with
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respect to the initially recorded state. In each case of deviation, the
exception was the same subject.
The graph of the changes of the magnitude of the mean electrical
axis is contained in Figure 2.
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Graph showing the magnitude of the mean electrical axis.

As was true with the angular component of the mean electrical axis,
the changes in magnitude recorded were too small to be considered a
result of the exer,cise. The large range of values recorded was also
noted in the day by day recordings made on a resting subject; this
subject had a range of 0.90 millivolts during exercise and 0.85 millivolts without exercise.
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Certain trends were noticed in the data, but not with the same
degree of regularity as was noted above. At the termination of the
exercise period, four out of the five subjects presented an increase of
magnitude when compared to the resting state. The fifth subject
experienced no change from the previous recording. Every subject
showed an increase at two minutes after exercise. Viewing the ,curve
of each student, three out of the five ended with an increase of the
magnitude when compared with the initial resting state while the
remaining two experienced just the opposite.
CONCLUSIONS

The angle and magnitude of the mean electrical axis are not altered
by any appreciable amount because of exercise. However, certain findings suggest that several uniform changes take place. Some of these
findings can be explained as secondary results of the exercise.
The increase of the magnitude of the angular component of the
mean electrical axis amounts to a right axis deviation. Right axis
deviation is known to occur as a result of deep breathing (Guyton,
1966) ; after the exercise period, all subjects were breathing deeply.
It is felt that the overall increase in angular measurement was due
only to deep breathing.
It is interesting to note that an athlete in training was the single
exception found at one minute into exercise and ten minutes after
exercise. Since the data was collected at the end of the athletic season,
it was felt that this subject was in excellent physical condition. If
this were the case, he would not be breathing as deeply as the other
subjects. Unfortunately, breathing rates were not counted but the
subject who was considered to be most out of physical condition
showed the greatest increase in angular magnitude when compared
to the initial resting state.
With respect to the magnitude of the mean electrical axis, not as
much can be concluded. For an increase in magnitude to develop, an
increase in the magnitude of the QRS complex of the electrocardiogram must be recorded. In trying to compensate for increased activity, the heart may initiate electrical impulses which may be larger than
in the resting state. This would be reflected on the electrocardiogram.
The data did show increases in the magnitude when compared to the
resting state in three of the five subjects. The remaining two subjects,
however, experienced a decrease.
This study, then, concludes that the mean electrical axis, while
undergoing certain minor transformations is not significantly altered
by exercise.
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